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1 



(1) A semiconductor manufacturing device, characterized by the fact a semiconductor device, 
having a memory cell array comprising memory cells in which various types of information are 
stored in rows and columns, so that information is acquired from said memory cells by 
specifying row addresses and column addresses; 

is equipped with a sense amplifier, which detects and stores information in 1 row 
segments of a memory cell with a specified row address, 

with a static memory cell array, having a plurality of respective memory cells, provided 
per 1 bit of information contained in this sense amplifiers, which acquires selectively information 
contained in said sense amplifier, 

with a switch means, which has access to said static memory cell array or any of said 
memory cell arrays; 

and with a way decoder, which selects and has access to any of the memory cells in said 
static memory cell arrays. 

(2) The semiconductor memory device of claim 1, characterized by the fact that information 
contained in said sense amplifier of said static memory cell array is acquired in predetermined 
block units, further equipped with a block decoder, which has access to any of the blocks in said 
static memory cell array. 

(3) The semiconductor memory device of claim 1 or 2, characterized by the fact that said 
way decoder is equipped with a function applying the non-activating state to all memory cells in 
said static memory cell array. 

3. Detailed Explanation of the Invention 
(Sphere of Industrial Use) 

This invention relates to a semiconductor memory device which is provided with a 
built-in cache memory. 

(Prior Art Technology) 

In order to increase the cost-performance ratio of conventional computer system, a 
low-cost and low-speed dynamic RAM (DRAM) was often used in the past for a high-capacity 
main memory, while a low-capacity and high-speed memory was deployed with a high-speed 
CPU buffer for the main memory 
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The high-speed buffer mentioned above, called a cache memory, holds a copy of a block 
of data requested by the CPU from the main memory. The address data which is accessed by the 
CPU is acquired, when it is present in the cache memory (a cache hit), from the cache memory 
which contains the data requested by the CPU. On the other hand, when the data being accessed 
by the CPU is not present in the cache memory (a cache miss), the CPU will acquire the 
requested data from the low-speed main memory (DRAM). 

Because expensive high-speed memory is needed to incorporate the cache memory 
system described above in the main memory system, it has not been possible to use such memory 
in compact computer systems due to the cost, as expensive high-speed memory was required. 
Therefore, a simple cache system construction was created utilizing a high-speed access function 
of DRAM having the page function, or the static column mode function, etc. 

The reference below in the waveform diagram shown in Figure 5 explains the 
performance of the page mode and the static column mode operations. As shown in Figure 5, 
diagram (a) indicates a normal DRAM cycle, (b) indicates the page mode, and (c) indicates the 
static column mode cycle. 

As shown in Figure 5 (a), during the normal cycle, at the falling edge of the RAS (Row 
Address Strobe) signal, the row address RA (Row Address) is incorporated in the DRAM from 
the multiplex address signal MA, while the column address CA (Column Address) is 
incorporated in the DRAM from the multiplex address signal MA at the falling edge of the CAS 
(Column Address Strobe) signal. After that, the data output Dour of selected memory cells is 
obtained from the row address RA and column address CA. Because the data is read in the 
above-described cycle during the normal cycle, a time period is required from the point of the 
falling edge of the RAS signal to the point in time tRAC (RAS access time) when the data output 
Dout becomes valid. This access time period tRAC is normally about 100 ns. In addition, tRp is the 
precharge time period of signal of the RAS signal and tc is the time period of the cycle, which 
normally equals about tc = 200 ns. 

Diagram (b) indicates the situation when data is read in a plurality of column addresses 
CA on the same row on address RA in the page mode cycle. Accordingly, a time period tcAC 
(CAS access time) is created from the point of the falling edge of the CAS signal to the point 
when the data output dom becomes valid as a time corresponding to about half of the access time 
period tRAC during a normal cycle. In addition, tcpis the precharge time period of the CAS signal, 
and tpc is the cycle time period. 

Diagram (c) indicates the situation when the falling edge of the page mode CAS signal is 
not required in static column mode, since the operation is conducted as with column address CA 
in static RAM. Accordingly, an access time period tAA (address access time) is created from the 
point when the multiple address MA is changed to the point when the data output D ou t becomes 
valid, which corresponds to about a half of the access time period tRAC during a normal cycle of 
the same tcAC, which is normally about 50 ns. 

Figure 6 is a construction block diagram which shows the basic construction of a DRAM 



element according to prior art enabling page mode or static column mode. 

As shown in the same figure, the construction includes a row address buffer 1 and a 
column address buffer 2, incorporating multiplex address signal RA and column address CA. In 
addition, when the falling edge of the RAS signal is input to the row address buffer 1, the row 
address signal is sent to a row decoder 3. At the next stage, when a word driver 4 is operated, 1 
word line (not shown in the figure) contained in a memory cell array 5 will be activated by the 
row address signal RA. 

Also, the data of the memory cells connected to an activated word line is sent through all 
the bit lines (not shown in the figure) from the memory cell array 5 to a sense amplifier 6. The 
sense amplifier 6 detects and amplifies obtained data. Accordingly, the data in one line of the 
line address RA specified at this point in time is latched by the sense amplifier 6. After that, 
when the same data is accessed in the line address RA, the page mode and the static column 
mode described above can be utilized. 
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Specifically, during the page mode, when the falling edge of the CAS signal is input to 
the column address buffer 2, the column address CA is sent to a column address decoder 7 and 
because one of the data groups stored in the sense amplifier 6 becomes valid, data output Dout 
will be obtained through the output buffer 8. The operations are performed in the same manner 
also during the static column mode, except for the point when the multiplex address MA is 
changed. In addition, 9 is an I/O switch controlling the input and output of data, and Din is a data 
input 

Figure 7 is a block construction diagram showing a conventional memory system having 
a simple cache system utilizing the page mode (or static column mode). As shown in the same 
figure, this memory system is a 1 M byte memory system constructed so that 8 DRAM elements 
11 - 18 are used with 1 M x 1 construction of 8 individual elements. Accordingly, while 20 
address lines are required (2 20 = 1948576 = 1 M), multiplex signal MA is in reality sent from an 
address multiplexer 21 divided to column address CA (10 bits) by 10 address line to respective 
connected DRAM elements 11-18. 

Figure 8 is a waveform diagram indicating the cache operation of the memory system 
shown in Figure 7. The following is an explanation of the operation of the memory system 
shown in Figure 7 with reference to Figure 8 and Figure 6. Moreover, it is assumed that row 
address RA1 is latched by latch 22 just prior to being accessed, and that all the data in the row 
address RA1 contained in the sense amplifier 6 has been latched. 

During this state, address signal A<j containing 20-bit data is generated by the generator 
23 as required data. When the row address data RA2 obtained from this address signal Ad is 
input to converter 24, this row address RA2 is compared to the row address RA1, which is stored 
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in the latch 22, by the comparator 24, and if RA1 = RA2, the data group held in the sense 
amplifier 6 will be accessed (a cache hit). 

The comparator 24 will therefore send activated ("H" level) cache hit signal CH (Cache 
Hit) to a state machine 25. When the state machine 25 receives an activated CH signal, the RAS 
signal is maintained on the "H" level, the page mode is controlled by toggling of the CAS signal 
(rising is followed by falling), the address multiplexer 21 supplies the column address CA as 
multiplex address MA to the DRAM elements 1 1 - 1 8, and selected data is acquired from the 
column decoder 7 from the data groups stored by the sense amplifier in each of the DRAM 
elements 11 ~ 1 8. When a cache hit occurs in this manner, output data D ou t can be obtained with 
the high-speed access time tcAcfrom the DRAM elements 1 1 - 18. 

On the other hand, when it is determined by the comparator 24 that RA1 ^ RA2, because 
a data group has been accessed which is outside of the data group that is held in the sense 
amplifier 6, the comparators 24 will generate signal deactivating the CH signal ("L" level) for 
the state machine 25. At this time, the state machine 25 will exercise control over the DRAM 
elements 1 1 ~ 18 so that the normal cycle will be applied sequentially to the RAS and CAS 
signal, and the address multiplexer 21 will supply the multiplex address MA with the sequence 
of the column address CA to the DRAM elements 11-18. When a cache miss has occurred in 
this manner, precharging is carried out with the RAS signal as shown in Figure 8, and output 
data Dout will be obtained with the low-speed access, time period tRAC from the DRAM elements 
11-18. Because of that, the state machine 25 will generate the wait signal Wait and the standby 
mode is applied to the CPU 26. In addition, when the latch 22 receives cache hit signal CH 
which has not been activated by the comparator 24, a new row address 22 will be held 

(Problems to Be Solved by the Invention) 

With the conventional simple cache system that was provided with a construction of the 
type in which latching was applied with the sense amplifier described above, 1 entry was 
available. 
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Accordingly, because a cache hit was enabled only if there was a connection to the same row 
address RA, a cache miss was in the end thus generated for example when there were 2 row 
addresses or when repeated operations were carried out with an extended program routine, 
creating a problem known as a low cache hit rate. 

The purpose of this invention is to solve the problem described above by providing a 
semiconductor memory device which has a simple cache hit system enabling to increase the 
cache hit system. 



(Means to Solve Problems) 



The semiconductor memory device of this invention provides a construction, applied to a 
memory cell array comprising memory cells in which information is stored in arrays in the shape 
of rows and columns, with a method wherein that the information is acquired from said memory 
cells when the row address and column address is specified; 

equipped with a sense amplifier, which detects and stores information in 1 row segments 
for a specified row address; 

with a static memory cell array, having a plurality of memory cells, provided for each 1 
bit of information contained in this sense amplifier, and which selectively incorporates in the 
memory cells respective information items contained in said sense amplifier; 

with a switch means, which enables in a selective manner access to one of said memory 
cell arrays; 

and with a way decoder, which selects whether and which of the memory cells is to be 
accessed in said static memory cell array. 

(Operation) 

Because the static memory cell array is provided with a plurality of memory cells per 1 
bit of information contained in a sense amplifier, the data can be held in different row addresses. 

(Embodiment) 

Figure 1 is a block diagram showing the basic construction of the DRAM elements of a 
memory system having a cache function in one embodiment of this invention. Because as shown 
in this figure, items 1 ~4, 8 - 10, and CAS. RAS. MA, RA, CA, CH are identical to the prior art 
example, an explanation of these items are omitted and only points which are different from the 
conventional example are explained below. 

As shown in the same figure, a memory cell array 5 is used, which is divided into 4 block 
segments Bl ~ B4, wherein a transfer gate 31 corresponding to the blocks Bl - B4, and a static 
cell memory array 32 (32a - 32d) are inserted between a sense amplifier 6 and an I/O switch 9. 
Because the transfer gate 31 is controlled with a block decoder 34 using the block configuration 
shown in detail in Figure 2, transmission of data in the memory cell array 5 to the static memory 
cell arrays 32a ~ 32d is enabled in block units (Bl ~ B4) through the corresponding part of the 
sense amplifier 6 when a conductive or non-conductive status of this configuration is created. 

As shown in Figure 2, in the static memory cell array 32 are deployed 4 static memory 
cells 32 m i ~ 32m4 via the transfer gate 31, corresponding to 1-bit information stored in the sense 
amplifier 6. These static memory cells 32 m j ~ 32 m4 are activated by the "H" level of the output 
lines W| ~ W4 of the way decoder 35. 



As shown in Figure 1 , the way decoder 35 decodes the way an address WA is input 
through the way address buffer 36, so that the "H" level is selectively applied to the output lines 
W,~W 4 . 

The block decoders 34a ~ 34d are controlled by activation applied by an AND gate Gl 
when input signal is created with inverted signal to the signal CH and to the upper 2 bits of the 
column address CA. Specifically, when the CH signal is at the "L" level, one of the block 
decoders 34a ~ 34d, selected by the upper 2 bits of the column address CA, is activated. When 
the CH signal is at the "H" level, none of the block decoders 34a ~ 34d is activated. In addition, 
when one of the block decoders 34a ~ 34d is activated, the corresponding transfer gate 3 la - 3 Id 
is rendered conductive. On the other hand, when the column decoder 7 inputs the column address 
signal CA, one of the I/O switches 9 is rendered valid. 

Figure 3 is a block diagram showing the construction of a memory system having the 
cache function in one embodiment of this invention. As shown in the same figure, unlike 
according to prior art, a construction is created containing 4 blocks, with 4 static memory cells 
32ml ~ 32m2, 1 6 latches 22a ~ 22p are deployed (22a ~ 22d for block Bl , 22e - 22h for block 
B2, 22i ~ 221 for block B3, and 22m ~ 22p for block B4). 
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Also, these latches 22a ~ 22p are used to store way addresses WA, indicating which item 
is to be selected in respective row addresses RA and static memory cells 32 m i ~ 32^ so that 4 
items can be selected in block units from the upper 2 bits of the column address CA of the 
address signal A<j. 

The comparator 24 incorporates the row addresses and compares the to 4 stored row 
addresses selected from the latches 22a ~ 22p, so that if there is a coincidence, this is considered 
as a cache hit in 1 latch and the cache hit signal CH is activated (at the "H" level) and output At 
the same time, the way address C W a> stored in the coinciding latch 22, is output to the way logic 
37. On the other, if there is no coincidence in any of the 4 selected latches, this is considered a 
cache miss and the deactivated cache hit signal CH (at the "L" level) will be output. 

When the cache hit signal CH and way address signal C W a are input as an input signal 
from the comparator 24, when there is a cache hit, the way logic 37 outputs the input way 
address Cwa as is in the form of the way address WA to each DRAM 1 1 - 1 8. On the other, 
when there is a cache miss, the way address WA specified according to a specific algorithm is 
output to each DRAM 1 1 - 18 and latch 22a ~ 22p. However, other methods are also 
conceivable, for example the simple first input - first output method (FIFO: First-In, First-Out), 
or the method based on the access time interval of the oldest item (LRU: Least Recently Used), 
or a similar method. 

The cache hit and cache miss operation of the memory system in one embodiment of this 



invention as shown in Figures 1 - 3 will now be explained with reference to the waveform 
diagram shown in Figure 4. In addition, it is assumed that just before the latches 22a - 22p have 
been accessed, the corresponding wait address of row addresses RA1 a - RAlp and respective 
latches 22a - 22p were latched, and that all of the data in each memory cell 32 m i - 32^ of the 
static memory cell arrays 32a - 32p was already latched at that time in each block Bl - B4. 

In a similar state, when this is requested by the CPU, not shown in the figures, address 
signal Ad having 20 bits will be generated by the address generator 23. The row address RA2 
will be output from this address signal Ad to the converter 24. On the other hand, only 4 of the 
latches 22a ~ 22p, corresponding to the blocks B 1 - B4 selected by the upper 2 bits in the 
column address CA of the address signal Ad, will be valid. In this case, it will be assumed for 
explanation purposes that when the latches 22e - 22h of the block B2 have been selected, a 
comparison is performed of the input row address RA2 and of each row address RAle - RAlh 
stored in the latches 22e ~ 22h by the comparator 24. If one of the addresses RAle - RAlh 
coincides with RA2, this will be considered a cache hit, the cache hit signal CH will be activated 
(at the "H" level) and sent to the state machine 25, the way logic 37 and each DRAM element 1 1 
~ 18. If the row address coincided with RA2, the way address signal Cwa, which is stored in the 
latches 22e - 22h, is sent to the way logic 37. When the cache hit signal CH is received at the 
"H" level by the way logic 37, the input way address Cwa will be output as is in the form of the 
way address WA to each DRAM 11-18. 

Because the "H" level of the CH signal has been created at this time, the block decoder 
34 will not be activated at all, the transfer gate 3 1 will be rendered completely non-conductive, 
and the electrical connection between the static memory array 32 and the sense amplifier 6 will 
be interrupted. 

On the other hand, the state machine 25 performs page mode control by toggling of the 
CAS signal, and the address multiplexer 21 furnishes the column address CA as the multiplex 
address MA to the DRAM elements 11-18. 
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Moreover, the way address WA input to each DRAM element 11-18 will be input through the 
way address buffer 36 to the way decoder 35. Also, when the way address WA is decoded by the 
way decoder 35, the level of the output line W s is raised to the "H" level (wherein i equals one of 
the items 1-4). When this occurs, the data of the column address selected by the column 
decoder 7 from the memory cell 32 mi , connected to the output line Wj in which the level was 
raised to the "H" level inside the static memory cell array 32b of each DRAM element 11-18, 
is output through the I/O switch 9. When a cache hit has occurred in this manner, output data 
Dout can be obtained with the high-speed access time period T C ac- 

Also, when no coincidence has been determined by the comparator 24 in RA2 and RAle 
- RAlh, since this is considered a cache miss, non-activating cache hit signal CH (at the "L" 
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level) will be sent to the state machine 25, wait logic 36 and each DRAM element 11 ~ 1 8. When 
the cache hit signal CH has been received at the "L" level, the way logic 37 outputs the way 
address specified according to a specific algorithm to each DRAM element 11-18 and to the 
latches 22a ~ 22p. 

Because the CH signal is created at the U L" level at this time, only the block decoder 34b 
will be activated, the transfer gate 31b is rendered conductive, and an electrical connection is 
created between the static memory cell array 32b and sense amplifier 6. In addition, the electrical 
connection is disconnected between the other static memory cell arrays 32a, 32c, 32d and the 
sense amplifier 6. 

On the other hand, when the RAS signal is falling, next, the state machine 25 applies 
control to the DRAM element 1 1 ~ 18 in the falling cycle of the CAS signal, and the address 
multiplexer 21 supplies the multiplex address MA in the sequence row address RA2, column 
address CA, to the DRAM elements 11-18. Also, the way address WA is input through the 
way address buffer 36 to the way decoder 35 of each DRAM element 11-18. Further, because 
the way address WA is decoded by the way decoder 35, the level of the output line Wj (wherein I 
equals one of the items 1 - 4) is raised to the "H" level. 

Also, the data selected by the column decoder 7 through the sense amplifier 6, transfer 
gate 31b and static memory cell array 32b, I/O switch 9 and output buffer 8 from the memory 
cell array 5, is read as output data D ou t- At the same time, data contained in the memory cell 
32 m i,which is connected to the output line Wi in which the level was raised to the "H" level 
inside the static memory cell array 32, is rewritten. During a similar cache miss, output data D ou t 
is therefore obtained with the low-speed access time period Trac from the DRAM elements 1 1 ~ 
18. Because of that, the state machine 25 generates the wait signal Wait and the wait state is 
applied to the CPU 26. Further, a new row address RA2 is held in one of the latches 22e - 22h 
selected by the way address WA and by the upper 2 bits of the upper column address CA (the 
value of the other latches 22 remains unchanged). 

In this manner, because 1-bit information contained in the sense amplifier 6 holding 
information corresponding to 1 row segment can be stored in any of the 4 static memory cells 
32 m i - 32^, 4 entries are available in the static memory cell array 32. As a result, the cache hit 
rate is increased in cases such as when the program routine is realized repeatedly so that it is 
continuously extended to 2 row addresses, etc. 

Further, because the memory logic of the DRAM elements 1 1 - 1 8 can be realized in the 
block units Bl - B4 during a cache hit or during a cache miss, data groups corresponding to row 
addresses can be stored independently per each block Bl - B4 in the static memory cell arrays 
32a - 32d, which means that the number of entries corresponding to 4 x 4 = 16 is created, 
enabling to increase the cache rate even more. 

Furthermore, the invention can be applied not only to memory reading and writing 
operations as indicated in the embodiment shown in Figure 1 . For example, when write signal 
WE is input to the way decoder 35 so that all the output lines W| - W 4 are set to the 



non-activating state during writing operations (WE = "L")» all the memory cells 32 m i ~* 32™4 in 
the static memory cell array can be set to the inactive state regardless of the value of the way 
address WA, and regardless of whether the CH signal is at the "H" level or the "L" level. 
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Further still, although an embodiment was explained in which the storage of 1 -byte 
information of the sense amplifier was enabled to any of 4 static memory cells 32 m i ~ 32^, this 
number can be suitable increased or decreased. Also, while a construction comprising 4 blocks 
Bl ~ B4 was used for the memory cell array 5 in this embodiment, it goes without saying that the 
number of the block segments can be also increased or decreased as appropriate. 

(Effect of the Embodiment) 

As was explained above, because multiple memory cells are deployed for 1-byte 
information contained in a sense amplifier with the static memory cell array of this invention, 
data can be held on different row addresses. The result is that that the cache rate can be increased 
because the number of entries is increased. 

4. Brief Explanation of Figures 

Figure 1 is a diagram explaining the construction of DRAM memory elements in one 
embodiment of this invention, Figure 2 is a diagram explaining in detail the construction of the 
DRAM element shown in Figure 1, Figure 3 is a block diagram showing the construction of a 
memory system having the cache function in one embodiment of this invention, Figure 4 is a 
waveform diagram explaining the cache operation in one embodiment of this invention, Figure 5 
is a waveform diagram indicating the high-speed access function in a DRAM device, Figure 6 is 
a diagram explaining the construction of a DRAM element in a memory system having the cache 
function according to prior art, Figure 7 is a diagram showing the block construction of a 
memory system having the cache function according to prior art, and Figure 8 is a waveform 
diagram showing the cache function according to prior art. 

In these figures, 5 is a memory cell array, 6 is a sense amplifier, 22a ~ 22p are latches, 24 
is a comparator, 31a ~ 31d are transfer gates, 32a ~ 32d are static memory cell arrays, 34a ~ 34d 
are block decoders, 35 is a way decoder, and 37 indicates a way logic. 

Also, the same symbols are applied to the same or corresponding parts. 

Representative: Masuo OIWA, patent attorney. 
Figure 3 
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